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I INTRODUCTION 
The general  ob jec t ive  of t h i s  research program i s  t o  eva lua te  the 
e f f e c t  of d e l i b e r a t e  and known chemical bonding between the g l a s s  r e in -  
forcement and t h e  p l a s t i c  matrix of a glass-reinforced p l a s t i c  composite 
mater ia l .  
Previous reports' 9 a described s t u d i e s  of t h e  methods by which 
s i l i c e o u s  sur faces  can be modified with organic  groups which a r e  bonded 
t o  surface-based s i l i c o n  atoms by si l icon-carbon bonds. These surface-  
modifying organic  groups can be chosen f o r  s p e c i f i c  i n t e r a c t i o n  w i t h  t h e  
r e s i n  matrix of t h e  composite mater ia l .  Surface modification w a s  accom- 
p l i shed  i n  t w o  s teps :  (1) react ive- intermediate  groups such a s  ch lor ine  
atoms(Cl), f l u o r i n e  atoms(F), or alkoxy1 groups (OR) w e r e  bonded t o  
sur f  ace-based s i l i c o n  atoms ; ( 2 )  react ive- intermediate  groups w e r e  con- 
verzed t o  surface-modifying organic  groups by reac t ion  with an organo- 
metallic compound. 
The ob jec t ives  of t h e  present phase of t h i s  p ro jec t  a re :  f i r s t ,  
to  eva lua te  t h e  e f f e c t s  of sur face  modification upon a r e a l i s t i c  com- 
p o s i t e  mater ia l  (such a s  a filament-wound NOL r ing  o r  a woven g l a s s  
c l o t h  laminate) ;  second, t o  s t u d y  optimum c h a r a c t e r i s t i c s  f o r  sur face  
modifying groups, and improved methods f o r  ob ta in ing  them; and l a s t ,  t o  
s tudy methods f o r  appl ica t ion  of su r face  modification t o  reinforcement 
materials o t h e r  than g l a s s  and s i l i c a .  
This i s  the  f i r s t  quar te r ly  repor t  f o r  t he  cur ren t  phase of work. 
'D. L. Chamberlain, Jr . ,  Summary Technical Report No. 1, "A Study of 
Bonding Between Glass and P l a s t i c  i n  Glass-Reinforced P l a s t i c s ,  Phase 
I , "  Contract NASr-49(14), J u l y  31, 1964. 
D. L. Chamberlain, Jr . ,  Summary Technical Report No. 2 ,  "A Study of 
Bonding Between Glass and P l a s t i c  i n  Glass-Reinforced P l a s t i c s ,  Phase 
11, Contract NASr-49(14), November 15, 1965. 
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I * 
I1 EVALUATION STUDIES 
Considerable t i m e  has been spent i n  consider ing methods f o r  evalu- 
a t ing  the  e f f e c t  su r f ace  modification of g l a s s  o r  s i l i c a  f i b e r s  has on 
the  physical  p rope r t i e s  of a composite ma te r i a l  of p r a c t i c a l  design. 
Several  a l t e r n a t e  systems which can be used f o r  t h i s  evaluat ion are d i s -  
cussed b e l o w .  The quest ions ra i sed  i n  t h e  fol lowing d iscuss ion  have 
not  been resolved, and the f i n a l  eva lua t ion  route i s  not c e r t a i n .  How- 
ever ,  t h e  dec is ion  w i l l  be made v e r y  sho r t ly .  
NOL Rings 
The NOL-interlaminar shear  test method appears t o  be a s u i t a b l e  and 
d e s i r a b l e  method f o r  evaluat ing sur f  ace-treatment methods f o r  g l a s s  and 
s i l i c a  f i b e r s .  The advantages of t h e  m e t b d  are s impl i c i ty ,  uniformity 
of product,  r e l a t i v e l y  few number of opera t ions  compared t o  o t h e r  test 
methods, and t h e  r e l a t i v e l y  l o w  c o s t  per  test specimen. The disadvant-  
ages,  f o r  t h e  purpose of t h e  present work, a r e  g rea t  though not insur -  
mountable. 
NOL Rings from Freshly Drawn Fibers  
Idea l ly ,  t he  process of sur face  modif icat ion of f i b e r s  f o r  NOL r i n g  
production should be ca r r i ed  out a s  the f i b e r  leaves t h e  bushing. For 
hea t - sens i t i ve  g l a s s ,  ch lor ina t ion  w i t h  phosgene o r  f l u o r i n e  could be 
c a r r i e d  out  while t h e  fiber is  cooling from the  molten s t a t e .  However, 
on the  bas i s  of present  da t a ,  r a t e s  of ch lo r ina t ion  o r  f l u o r i n a t i o n  may 
be too l o w  to  permit adequate reac t ion  a t  drawing speeds of 1000 f t / s e @  
and higher. Further ,  t he  tox ic i ty  of phosgene and of f l u o r i n e  requi res  
s p e c i a l  a t t e n t i o n  t o  ven t i l a t ion  should these  reagents  be used a t  a 
furnace ,  s i n c e  it i s  not possible  t o  t o t a l l y  enclose a shor t  s ec t ion  of 
moving f i b e r .  
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NOL Rings f r o m  Pre-Drawn Fibers  
The preparat ion of NOL r ings  from pre-drawn f ibers  n e c e s s i t a t e s  re- 
hea t ing  t o  remove l u b r i c a n t s  and to accomplish reac t ion  of t h e  su r face  
with phosgene or  f l u o r i n e .  The use of phosgene requi res  a minimum ten- 
pera ture  of 5OO0C, f a r  too high f o r  g l a s s  f i b e r s  of any cornposition. The 
use of f l u o r i n e  requi res  a temperature of 2OO0C, which may s t i l l  be 
s u f f i c i e n t  t o  cause degradation of g l a s s  f i b e r s .  Fur ther ,  s ince  the  
technique of ch lo r ina t ion  is b e t t e r  understood than f l u o r i n a t i o n ,  the 
high-temperature process i s  the  perferred one. S i l i c a  f i b e r s  provide 
an a l t e r n a t e  mater ia l  which should withstand t h e  5OO0C temperature re- 
qui red  f o r  ch lor ina t ion .  These f i b e r s  am commercially ava i l ab le  as 
roving, p re t r ea t ed  w i t h  e i t h e r  of t w o  s i l a n e  "binders." According t o  
the t r ade  inforna t ion ,  t h e  binders can be removed by heat ing.  However, 
f o r  t he  purposes of t h i s  work, i t  appears u n l i k e l y  t h a t  t he  s i l a n e  
binder  could be completely removed without leaving a s i l i c e o u s  residue,  
and the  inf luence  of t h i s  res idue upon subsequent surface-nmdification 
reac t ions  cannot now be estimated. 
Woven Cloth Laminates 
Laminates can be prepared from seve ra l  l aye r s  of preimpregnated 
g l a s s  o r  s i l i c a  c l o t h  from which test specimens can be prepared f o r  con- 
vent iona l  mechanical tests.  IIere again the  thermal c h a r a c t e r i s t i c s  of 
g l a s s  f i b e r s  make t h e  use of s i l i c a  c l o t h  more advisable .  On the  o t h e r  
hand, t h e  binders  used on s i l i c a  f i b e r s  a re  such t h a t  t h e  q ' l a l i ty  of t he  
surface-modified product,  and therefore  t h e  a d v i s a b i l i t y  of using s i l i c a  
cloth,  may be doubtful .  
I11 DILATOMETRIC STUDIES 
Dilatometr ic  s t u d i e s  were continued a s  a screening procedure f o r  
t h e  e f f e c t  of su r f ace  modification of s i l i c a  o r  g l a s s .  
In cont inuat ion of the systematic evaluat ion of adhesion mechanisms, 
d i l a tome te r  s t r i p s  w e r e  prepared from low-iron s i l i c a  ( w i t h  s p e c i f i c  
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surf ace of 0.21 metep/gram) which was surf  ace-modif ied w i t h  undeeyl 
(n-CllHas-, s t r a i g h t  chain a l i p h a t i c  hydrocarbon) groups. The r e s u l t s  
of the  d i la tometer  tests showed t h a t  the  adhesion between a polyurethane 
elastomer and t h e  undecyl-modified s i l i c a  p a r t i c l e s  i s  less than t h a t  
obtained with untreated s i l i c a  or wi th  n-butyl-modif ied  s i l i c a .  Thus, 
on the  bas i s  of t h e  l imi ted  da ta ,  the  adhesion between a polyurethane 
elastomer and surface-modified s i l i c a  decreases  i n  t h e  order  un t rea ted  
> buty l - t rea ted  > undecyl-treated. 
The obvious i n t e r p r e t a t i o n  of t hese  r e s u l t s  i s  t h a t  undecyl (11- 
carbon atom) groups a r e  more e f f e c t i v e  than b u t y l  (4-carbon atom) groups 
i n  reducing the  su r face  f r e e  energy of t h e  s i l i c a ,  and t h a t  t h e  11-carbon 
atom groups a r e  not of s u f f i c i e n t  length  t o  become involved i n  autohesive 
( in t e rd i f fus ion )  bonding with the  elastomer chains.  
Dilatometer specimens a r e  now being prepared f o r  eva lua t ion  of t h e  
autohexive e f f e c t  of octadecyl  groups (18 carbon atoms) on s i l i c a  par- 
t icles. 
To d a t e ,  a polyurethane elastomer has  been used f o r  d i la tometer  
s tud ie s .  This polymer has a r a the r  high concentrat ion of po la r  groups 
and few dangling hydrocarbons s i d e  chains ,  and may not p a r t i c i p a t e  i n  
an autohesion mechanism as  w e l l  as  a s t r i c t l y  hydrocarbon rubber. 
Therefore,  t h e  ma te r i a l s  have been co l l ec t ed  f o r  the  prepara t ion  of a 
polybutadiene-acrylonitrile rubber which, hopeful ly ,  should p a r t i c i p a t e  
more completely i n  the  mechanism of autohesion. 
I V  SURFACE MODIFICATION STUDIES 
Alkoxylation and Related Reactions 
Alkoxylation of s i l i c a  sur faces  is  t h e  process of conversion of 
surface-based Si-OH groups t o  Si-OR groups, whereRis  a s e l e c t e d  organic  
group. Alkoxy groups have been used successfu l ly  as r e a c t i v e  i n t e m e d -  
ia te  groups f o r  subsequent ak ly l a t ion  with an organometall ic reagent .  
They also have p o t e n t i a l  u t i l i t y  as surface-modifying groups i n  t he i r  
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own r i g h t .  Their use i n  promotion of bonding of s i l i c e o u s  sur faces  t o  
a polymer i s  probably r e s t r i c t e d  t o  environments t h a t  a r e  not too  w e t ,  
s i nce  the  r e a c t i v i t y  of t h e  Si-OR bond t o  hydrolysis  is  high. Nonethe- 
less, properly chose3 alkoxy groups may g r e a t l y  f a c i l i t a t e  t he  evaluat ion 
of bonding mechanisms. Therefore, a moderate e f f o r t  was applied t o  the  
study of such groups. Class ica l ly ,  a lkoxysi lane groups have been pre- 
pared from s i l a n o l  groups (SiOH) by d i r e c t  e s t e r i f i c a t i o n  with an alcohol  
(ROH) o r  by reac t ion  of ch loros i lane  groups (Si-C1) with an alcohol .  The 
l a t t e r  r eac t ion  i s  two-step, requi r ing  a preliminary ch lor ina t ion ,  when 
applied t o  s i l i c e o u s  surf  aces. The former r eac t ion  l i b e r a t e s  water,  
which must be removed before the  r eac t ion  can be completed. 
Epoxy compounds, however, provide the  Si-OR l inkage d i r e c t l y  i n  one 
s t e p .  
H H  H H  
R'-C-CH I I  + &-OH + -".-O-t-fR' 
1 1 
H H  
\ I  
0 
Fur ther ,  an alcohol  group is  simultaneously produced, thereby providing 
a "handle" f o r  subsequent bonding t o  an epoxy, po lyes te r ,  o r  o t h e r  poly- 
mer matr ix .  
A n  extension of t h i s  type of r eac t ion  i s  obtained with ethylenimines,  
i n  which an amino func t iona l  group i s  produced. 
H H  H H  
' I I  
+ -Si-O-C-C-R" 
' I I  
H "a B 
Dodecene Oxide Reactions 
Dodecene oxide,  n-CloHS1 &H, was allowed t o  r eac t  with cleaned 
low-iron s i l i c a  ( s p e c i f i c  sur face  = 0.21  meter'/gram) i n  t h e  presence 
of boron-trifluoride-etherate c a t a l y s t .  The product contained 96 ppm 
of carbon, a s  compared t o  none on t h e  cleaned s i l i c a .  This value 
H H  
'd 
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corresponds t o  2 molecules of dodecene oxide pe r  100 ia, o r  a 27% con- 
vers ion  of surf  ace SiOH groups. 
Ethylenimine Reactions 
The treatment of Cab-O-Si1 (high-surface s i l i c a )  with ethylenimine 
a t  room temperature and without c a t a l y s t  i n  chloroform so lu t ion  gave 
low coverage (about 1 molecule per 100 ia, o r  12%). 
ca r r i ed  out  a t  6OoC gave very high loading of t h e  s i l i c a  with ethyleimine, 
The same reac t ion  
due t o  polymerization of t h e  imine. 
Alkylat ion S tudies  
Routine a lky la t ion  of ch lor ina ted  low-iron s i l i cb .  was c a r r i e d  out 
with undecylli thium (CiiHaa-Li) t o  support  t he  d i la tometer  s t u d i e s .  
Attempts t o  prepare octadecyl l i thium from l i th ium metal and octa-  
decyl bromide w e r e  unsuccessful.  
V FUTURE WORK 
Major emphasis i n  the  next qua r t e r  w i l l  be devoted t o  prepara t ion  
and eva lua t ion  of composite ma te r i a l s  representa t ive  of end-item s t ruc -  
t u r e .  Simultaneously, a small  e f f o r t  w i l l  be devoted t o  developing 
surface-modification procedures designed t a  ob ta in  maximum i n t e r a c t i o n  
with a subsequently applied polymer matrix.  Additional da ta  w i l l  be 
obtained on t h e  rate of chlor ina t ion  of g l a s s  with phosgene i n  order  t o  
determine t h e  f e a s i b i l i t y  of ch lo r ina t ion  of g l a s s  f i b e r s  a s  they a r e  
drawn from t h e  bushing. 
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